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Abstract. Manufacturing Execution Systems (MES) have evolved to alleviate the
drawbacks of Enterprise Resource Planning (ERP) systems by providing realtime information exploitation from the shop floor. In parallel with the increasing
number of companies adopting MES, MES vendors have exponentially increased
over the past two decades. While companies tend to focus merely on the
technological aspects of the MES implementation, the adoption of MES implies
an organizational transformation process that needs to be properly addressed by
companies for implementation success. This is important because the new
functions, services, and operability offered by the MES needs to be aligned with
existing business processes and practices. Considering the human, technological,
and organizational aspects holistically, this paper outlines critical success criteria
and proposes an organizational readiness model for MES implementation.
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Introduction

Implementation of Information System (IS) can bring many benefits to production
planning and control, including ease of management, competitive advantage, efficient
use of resources, effective data exchange, and the ability to provide accurate and timely
information for decisions. As such, Manufacturing Execution Systems (MES) promise
to improve the production control task through the collection and analysis of data in
real-time. Data and information are made available to all users involved in the
production activities in order to measure current performances, analyse flow’
operations and identify opportunities for improvement.
However, when a company opts to implement MES, it often has limited knowledge
regarding the factors for a successful implementation. Many unsuccessful MES

implementations can be due to critical errors in selection and adoption of the system.
The implementation process must be aligned with the company’s strategy, and a
correctly planned and controlled implementation method is required. In the context of
MES implementation, it is important to draft the most realistic model for the future
manufacturing organization. The model can facilitate the understanding on which steps
are needed and what activities are necessary to guide the manufacturing control tasks
successfully.
Based on a comprehensive literature review using search terms “Manufacturing
Execution System”, “MES”, “Enterprise Resource Planning”, “ERP”, “Enterprise
Systems”, “Information Systems”; “Critical Success Factors” and “Implementation” in
Science Direct and Google Scholar, this paper outlines the critical success factors for
MES implementation taking human, technological, and organizational (HTO) aspects
into account. The identified factors are further consolidated into an organizational
readiness model (ORM) to assess the preparedness of companies for MES
implementation.
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Critical Success Factors in MES Implementation

Critical Success Factors (CSFs) are defined as “the few key areas of activity in which
favourable results are absolutely necessary [for a particular manager] to reach [his]
goals” [1]. While there is a significant amount of research on CSFs in the
implementation of ERP and other enterprise systems, the literature on CSFs for MES
implementation is scarce. However, as an enterprise system, MES implementation
possesses many similarities with ERP systems. As such, this study also benefits from
extant literature by building on CSFs for ERP. The identified CSFs were categorised
into three dimensions: human, technological, and organizational (HTO). This
categorisation is consistent with [2], which states that human, technological and
organizational factors represent the most significant dimensions for successful
implementation of information systems.
2.1 Human factors
Human skills, perception, and experience play a central role in successful MES
implementation. Our literature search uncovered the following human factors:
Project team. A MES implementation team should consist of a set of best and brightest
individuals, to foster innovation and creativity [3] [4] [5]. Individuals with greater
knowledge, reputation and influence within the organization are the preferred
candidates. Building a cross-functional team is also important. Competence and
knowledge of the members should complement each other [6]. External consultants
should be directly part of the project team, to support the implementation [7] and help
employees develop the necessary technical skills for design and implementation [8]. In
addition, as successful implementation requires trust and the willingness to cooperate,
teams with high morale, motivation and awareness are more likely to achieve successful
MES implementation.
Communication. Communication is one of the most challenging and difficult tasks to
achieve in any implementation project. Top management, project teams, employees and
other stakeholders must communicate directly and clearly, sharing detailed information

about the project status. A good level of communication should be obtained from the
early stages of the implementation, making results and objectives easy to understand
[9].
Education and training. Employee education is a priority in the early phases of the
project, as people must be aware of what will change and be guided towards acquiring
new skills [10]. Training should concern the software and its functions, the IT skills,
the quality and accuracy of data and the responsibilities in the new processes [9]. An
appropriate training plan requires the identification of the right methodologies to adopt
for each user, considering his/her individual characteristics, knowledge and skills. The
knowledge of consultants or software vendors can be used to allow autonomous
management of activities and problems [11].
User involvement. User participation is a key parameter for improving the quality of
any enterprise system and information. The user’s involvement should be foreseen in
two phases: first, to define the needs to which the system will have to respond and
second, to define the level of participation in the software implementation [9]. With
users’ contribution, the system could be developed as a more user-friendly application.
Accessing the correct data when needed improves individual performance. Moreover,
employees with more job responsibilities are more productive, loyal and satisfied about
their work [12] [13].
2.2 Technological factors
Technological factors affect MES adoption, especially in terms of user-friendliness and
software adoption success. Literature reveals the following technological factors:
MES selection process. Hardware selection is driven by choices on a software package
[14]. Therefore, during the selection process, it is important to identify the requirements
to be met by the selected MES, plan and perform a professional analysis of the software
package and ensure the fit between MES and existing enterprise system. Additionally,
software stops due to errors and maintenance should be assessed [5] [15].
Technological infrastructure. A MES implementation implies a complex transition
from previous information systems and business processes. Before starting the
implementation, the new enterprise system’s architecture should be established. This
should prevent reconfiguration at every stage [16]. As the software architecture could
be modified to meet the requirements of the MES, legacy systems must be evaluated,
to be ready to face problems and hindrances during implementation [7]. Moreover, the
definition of an appropriate architecture that can support and integrate software and
hardware must be considered. System integration with other IS, as well as system
interoperability in terms of flexibility, accessibility, integration and efficiency, is also
essential [17]. This aspect will no doubt prove to be of fundamental importance in the
coming years, to better manage the new challenges created by Industry 4.0 [18].
Data management. Data quality management refers to the selection of data and the
level of accuracy satisfied by the implemented system [19]. The data analysis plan is
recommended to be develop from the beginning. Data model must be compatible with
data requirements to avoid implementation delays. Preventive measures can be taken
by developing a plan for migration and cleaning up data. Identification of data that must
be uploaded and conversion of data structures into a single consistent format is also
crucial. In addition, support tools must be deployed to monitor accuracy, timeliness,
completeness, consistency, accessibility and security of data [20-21].

2.3 Organisational factors
Organizational factors are often overlooked by companies during the MES
implementation process [7]. The following critical factors were identified from the
organizational perspective.
Top Management Support. Top managers must be fully involved and oriented to
allocate and provide valuable resources to the implementation [22-23]. In addition, top
management should also influence the process of selecting the MES delivery partner
[24], handling users’ resistance [25] and encouraging users’ participation during the
implementation. Among others, the Project Champion is the top manager devoted to
support the implementation project and the reference person to which the team refer in
case of problems or conflicts [26]. He/she is responsible for the identification of
strategic objectives, and collaborates with the project team to check if the business
perspective is successfully translated into the adopted solution.
Project Management. Good project management is vital to successful MES
implementation [27]. Project management refers to the ongoing management of the
implementation plan [28], that involves the creation of team work to support the
implementation process. Therefore, project team tasks should be defined and
comprehensively documented, where inter-departmental cooperation between the
involved stakeholders must be set up [29]. Coordinating, scheduling and monitoring of
defined activities as well as identification and management of risks ensure that the
stated objectives are achieved [9]. Moreover, realistic input is required to avoid any
unnecessary delay and also up to date information [26].
Change Management. Change management strategies aim for handling the enterprise
wide cultural and structural changes [7]. Sharing a solid culture and corporate identity
facilitates the management of this change [15] [30]. Moreover, resistance to change
could hinder the transformation and delay the project. Organisations with a continuous
improvement mind-set are more open to change [7]. This suggests that firms that
manage MES implementation as a structured improvement project may be more likely
to succeed.
Business Process Re-engineering. Manufacturing companies often find it difficult to
adapt their traditional processes software implementation requirements. Business
Process Re-engineering (BPR) might be adopted to make business and production
processes more flexible [31] thus reducing errors and simplifying the integration of
future MES updates. As the implementation of MES leads to changes in the
management system, it is necessary to manage and control such a change according to
the selected the BPR plan and implementation strategy.
Implementation Strategy. A clear strategic vision of the implementation process
ensures a more effective result. An initial strategic plan, including management of
expectations, alignment between business and IT strategies and business change
provides a macro perspective of the implementation. As users and stakeholders’
involvement reduces barriers and conflicts, it is important to act positively, affecting
communication and expanding knowledge about the new software [7].
Acceptance Control. Measurement and evaluation of the implementation process
ensures that deviations can be identified and promptly corrected [7]. Therefore,
building performance indicators and mechanisms to monitor progress is essential. Key
performance indicators will be analysed and updated throughout the project, thus

contributing to achieve system acceptance and improvement.
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Organizational Readiness Model

We suggest that an Organizational Readiness Model (ORM) could help organizations
understand the current level of preparedness before embarking on the implementation
of a MES system, for example to identify strengths, weakness, opportunities and threats
related to such an implementation. As such, we categorized the previously identified
HTO-factors through dialogue with a group of industrial IT professionals in Norway
and Italy. The model is built upon four levels of maturity: Premature, Aware, Willing,
and Ready. These levels are summarized in Table 1:
Table 1. Organizational skills readiness model for MES implementation
Readiness Level
1° - Premature
2° - Aware

3° - Willing

4° - Ready

Description
The organization has decided to implement MES but has very
limited knowledge of all HTO-factors
The organization has minimum knowledge MES and
demonstrates effective mechanisms for education and learning
as well as project management
The organization demonstrates the required level of top
management support and exhibits a grand plan for how the
implementation process will be executed.
The organization is aware of how to manage data, monitor
implementation and is able to govern the change management
process effectively.

3.1 Critical Success Factors at each Readiness Level
For each of the identified readiness levels (1-4), it is anticipated that an organization
should be able to relate to the various critical success factors (Figure 1). For example,
in the “Premature” phase, when the desire to implement MES is born in the
organization, it is anticipated that much of the pre-emptive knowledge and
characteristics required for successful MES implementation will not be exhibited by
the organization. Before compiling the business case and subsequent implementation
strategy, basic knowledge, education and training should be received by key parties at
the organization. Selecting the correct vendor is important to create a relationship based
upon mutual trust, as the collaboration that follows shall make or break the
implementation.
At “Aware” level, the focus shifts to the company’s project management capability,
and to the understanding the required integration level within the IT architecture. When
internal skills are insufficient, the support of vendors or external consultants can be
necessary. The ability to construct and deploy an effective communication strategy is
also a key criterion at this level.

At third level of maturity, “Willing”, the roles of project manager and of the project
team work become central. Members must be carefully selected as they play a primary
role during the software implementation. Wrong choices of team members as well as
the selection of unskilled or influential project manager, could jeopardize the whole
project. The company starts a processes re-engineering phase and management changes
are needed.
At “Ready” level, the focus shifts mainly to data management and change
management. Critical aspects also concern technological infrastructure. However, the
acceptability of the new system must be taken into account, as imposing a new way of
working and convince people about the validity of the new system is not
straightforward.
If an organization demonstrates all of the requirements at each level, we suggest that
the likelihood of successful MES implementation is maximised.

Fig. 1. Organizational Readiness Model: CSFs for MES implementation
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Conclusion

This paper outlines the critical success factors (CSFs) for MES implementation,
considering human, technological and organizational (HTO) aspects holistically. An
organizational readiness model for assessing the preparedness of an organization in
terms of each of the CSFs is further proposed. Besides these theoretical contributions,

our model can be used by practitioners (i.e. managers, vendors and consultants) to gear
a global overview of a MES implementation. As very often, organizations do not have
the knowledge and resources necessary for the adoption of a new software, this work
constitutes an opportunity to benefit from a structured approach for an effective and
fruitful implementation of MES. Moreover, the achieved results can be used to create
guidelines and checklists to adopt before and after the completion of each MES
implementation phase, reducing the risk of failure and leading companies to perform a
successful MES implementation.
This paper is of course not without limitations, which require some further exploration.
In particular, the proposed organizational readiness model should be tested and
validated in action in order to assess its completeness and usefulness, as well as to
identify necessary improvements. Moreover, in order to understand more fully whether
a company is ready to proceed with a MES implementation, the model should be
expanded to incorporate a skills perspective.
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